vinyl-chloride ports (300 mm diameter) used to transfer mIce directly from the isolator to the SPF zone.
Air is filtered through pink-paper dihedron filters which are replaced at regular intervals.
Tn practice, we replace the filter when the pressure differential is about twice that measured at first installation.
Only 2 animal technicians work in this zone, with a 3rd (the chief technician) usually working immediately outside the barrier, and substituting for either of the others in case of absence.
These 2 specially-trained technicians enter the zone twice a day after a thorough shower.
They wear special clothing (with a hood) which has been autoclaved, and rubber gloves. Mice are handled only with stainless-steel forceps (200 mm long), which are usually kept immersed in a disinfectant solution.
Sampling
In every control procedure faeces are taken from the digestive tract of 2 mice taken randomly from among the mice in the 3 breeding-rooms of our SPF unit. This number may seem rather low but my experience in the field of isolators and of small (80 m 2) SPF units has made me confident that it is sufficient. Accidental contamination spreads quickly (8-]2 days) from one cage to another, from one tier to another, and even from one room to the next.
Frequency of our bacteriological tests
In 1971, 33 control tests were made, i.e. 3 per month (I month for annual holidays excepted).
In 1972, 20 tests were made, i.e. roughly 2 per month (l month for annual holidays excepted).
In 1973, 14 tests were made during the first 10 months, i.e. about 3 every 2 months (l month for annual holidays excepted), last test in October.
Preparation of the faecal suspensions
For bacteriological analysis, 1 g of the digestive tract (wall and contents) is taken, always including part of the small intestine, the terminal part of the caecum, and part of the proximal colon.
These samples are homogenized with 4 ml of sterile physiological saline and then diluted to 10-2 , 10-3 , 10-4 , 10-5 and 10-6: 0·1 ml volumes are then inoculated on to agar dishes. The dilution and the medium depends upon the microorganism searched for: 10-4 for trypticase-soy agar; 10-4 for eosin-methylene blue agar; 10-4 for azideblood agar; 10-2 and 10-3 for mannitol-salt agar; 10-6 dilution for Man, Ragosa & Sharpe agar (MRS).
The culture media and the organisms usually isolated on them

Agar media
Trypticase-soy agar: on this unselective medium, most organisms present in the sample can be isolated.
However, only the most numerous are isolated.
Eosin-methylene blue agar (EMB medium): Enterobacter, coliforms and some streptococci (enterococci).
Azide-blood agar + sheep blood: streptococci, staphylococci, micrococci and lactobacilli.
Mannitol-salt agar: staphylococci, micrococci and sometimes vegetative forms of Bacillus.
MRS agar: lactobacilli, also yeasts and enterococci when they are in sufficient numbers.
Horse-blood agar: specially used for anaerobic cultures-inoculated from the 2 tubes of Rosenow broth, one before and the other after heating.
Clostridium and Bacillus are isolated on this medium.
Fluid media
Rosenow broth: used when anaerobic or spore-forming organisms are looked for. One Rosenow tube is inoculated with 0,5 g of fresh faeces, without any heating, the other with 0,1-0,2 fresh faeces which have been heated to 80°C for 10 min in a small sealed glass ampoule.
The latter tube allows the isolation of spore-forming organisms such as Bacillus, which are quite common in the digestive microflora of mice.
Selenite F broth: an enriching medium for isolating enterobacteria such as Proteus, Escherichia coli or Enterobacter, which are not numerous enough to be shown up on the agar media.
All these cultures are incubated at 37°C for 24-72 h.
Isolation and enumeration: reinoculation for identification
. After 24 h incubation:
the trypticase-soy agar and EMB dishes exhibit colonies of sufficient growth for correct reading.
Each type of colony is enumerated and inoculated onto a broth and trypticase-soy agar. A film is also stained by Gram's method for a microscopic examination.
Colonies of Gram-negative bacteria are then isolated again on EMB agar to get a pure culture for identification.
After 48 h incubation at 37°C we proceed as follows:
1. agar plates which were not read at 24 h are enumerated for each type of colony; after microscopic examination subcultures are made to obtain a pure culture for identification;
2. on a 2nd EMB agar plate, prepared after 24 h, bacteria are isolated then prepared as pure cultures in a trypticase-soy agar tube;
3. the 2 Rosenow tubes are subcultured on blood agar and incubated anaerobically. From the heated Rosenow tube we isolate the spore-forming organisms able to grow aerobically on trypticase-soy agar;
4. the tube of selenite F broth is subcultured on Salmonella-Shigella agar (SS agar);
5. Staphylococcus colonies are subcultured on trypticase-soy agar and peptone water tubes.
On the 4th day, the following procedure is carried out:
1. inoculation of identification series for enterobacteria which have been transplanted the day before on trypticase-soy agar;
2. study of the main biochemical characters for staphylococci and micrococci: aero-anaerobiosis, haemolysis, coagulase, mannitol fermentation, desoxyribonuclease (optional), and phosphatase;
3. special broths are prepared in order to obtain Lancefield extracts intended for serological reactions of cocci (streptococcus strain); 4. examination of isolated colonies on blood agar inoculated from the Rosenow tube which has not been heated;
5. examination of the trypticase-soy agar inoculated from the Rosenow tube that has been heated.
These aerobic colonies are compared with those obtained on horse-blood agar (anaerobic), and Gram-stained films examined microscopically;
6. examination of organisms isolated on SS agar and possibly subculture of lactose-negative colonies.
On the 5th day of this microbiological analysis, we continue as follows:
]. careful examination and reading of the identification series for the entercbacteria group;
2. examination of the biochemical characters of cocci (Staphylococcus and Micrococcus) ;
preparation of Lancefield extracts for serological reactions of cocci (Streptococcus);
4. Gram-staining on VF broth and comparison with results obtained aeroand anaerobically.
On the 6th day, the procedure is as follows:
]. Serologica] reactions of streptococci with Lancefield extracts which have been placed for 24 h in a refrigerator;
2. identification series for the strict anaerobes (such as Clostridium);
3. biochemical characteristics of organisms isolated from a Rosenow tube which has been inoculated with 0'1 g of faeces heated at 80°C for 10 min. These are nearly always Gram-positive motile bacteria of the Bacillus genus.
On the 7th day of this analysis, we have still to read the results of our identification series for strict anaerobes and for Gram-positive bacteria from the Bacillus genus.
RESULTS OF MICROBIOLOGICAL ANALYSIS
See Figs ]-5 and Tables 1-4. In these, time is shown on the horizontal axis, numbers of cells per gram of dry faeces on the vertical.
Each point represents 1 control or an arithmetical mean of 2, 3 or even 4 controls for ] month.
Let us now look at the results obtained for each group of microorganisms which were isolated.
Lactobacillus
The species acidophilus (1M 1809 strain) and L. plantarum (1M 1810 strain) were isolated in July 1971 on SPF OFI mice outbred at Les Oncins. They were administered by mouth to axenic C57BL mice of about 4 weeks old, and these gnotoxenic mice were transferred into the SPF breeding unit. It is worthy of note that the number of lactobacilli decreased from 10 8 to 10 5 cells/gram dry faeces between December 1970 and July] 971 ( Fig. I) .
Streptococcus
S. faecalis strain liquefaciens (lM 1807) was isolated in July ] 970 from SPF OFI mice outbred at Les Oncins. It was given by mouth to axenic C57BL mice of about 4 weeks old.
S. faecium (IM ]808) was isolated from our C57BL mice for the first time on 23 April ] 971. It was identified and classified by the Institut Merieux's 'Souchotheque' under the reference 1M 1808. This strain was not implanted deliberately into our C57BL/RhoIco mice and must be considered as a spontaneous 'contaminator'.
The total number of Streptococcus (both strains in the saine animals) decreased during the first 8 months following the transfer of the mice to the SPF unit, a nd then remained steady at 10 6 viable cells/gram of dry faeces (Fig. 2) .
Enterobacter
Strain 1M 1802, implanted in our mice, was isolated from SPF OFI mice in June 1970. Identification was made in July 1971 by Institut Merieux as Paracolobactrum aerogenoides.
Biochemically it seems to be an atypical strain of Enterobacter which differs noticeably from the 3 species most commonly known.
The characteristics of this strain, together with those of Klebsiella and Enterobacter cloacae, are shown in Table 1 . When gnotoxenic mice were transferred to the SPF unit, the number of Enterobacter viable cells was 4 X ] 0 7 per gram dry faeces. This number decreased gradually during the following 6 months and then remained constant at 10 5-10 6 viable cells per gram of dry faeces during the following 2 years (Fig.  3) .
Escherichia coli
Strain 1M J 809 was isolated in our microbiology laboratory on 15 March 1971, from conventional C57 Black mice, which Rhone-Poulenc supplied to us in order to maintain this strain of mouse at Les Oncins.
We verified the nonpathogenicity of this strain before giving it orally on 2] April 1971 to C57 Black mice, hysterectomy-derived and maintained under barrier-controlled conditions since December 1970 (Ducluzeau, ] 967). It appeared as early as May] 971 at a value of 2 x ]0 7 viable cells/gram dry faeces, and after a rapid decrease in June and July 1971, the mean number remained steady at 5 X 10 6 viable cells/gram dry faeces (Fig. 4) . 8 " 10 5 to 10 6 cells per gram
•... •. 
GUT FLORA ACQUISITION
BY SPF MICE
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Staphylococcus
Using C57BI mice a strain of Staphylococcus was isolated in August 1971 which had the following characteristics: non-haemolytic; white growth on agar; coagulase negative; mannitol positive (slightly); phosphatase negative; dNase negative.
It is an uneven 'contaminator', and there is a large variation between 2 consesutive months (Fig. 5) .
3 4 X 10 3 to 2 x 10 5 ceJls per gram
1972 1973 
Micrococcus
Micrococcus was first isolated on C57BLjRhoIco mice in September 1971. Its characters are: strictly aerobic; no arginine-decarboxylase (on Moeller decarboxylase broth); non-haemolytic; coagulase negative; mannitol positive; phosphatase negative; dNase negative. This too is an uneven 'contaminator', and was isolated sporadically in ]971 and 1973 (Table 2 ). It appears to be in transit, temporarily in the gut of these mice rather than strictly implanted.
Clostridium
In the first control test following the transfer of these mice to the SPF unit we observed C. perfringens (Table 3 ). Our methods of analysis do not make it possible to give quantitative results, and we can only distinguish 2 kindsvegetative and sporulated.
This strain of C. perfringens has no pathogenic effect on SPF OFI mice taken from our primary colony (Raibaud, Ducluzeau, Dubos & Sacquet, 1972) . 
Bacillus subtiUs
Strains 1M 1804 and 1M 1805, now implanted in C57BL/RhoIco mice, were initially isolated in our laboratory in December ]970, in conventional C57 Black mice supplied by Rhone-Poulenc S.A., in order to maintain this strain at Les Oncins.
These strains are quite similar, differing in the appearance of the colonies on trypticase-soy agar, the position of the spore in the bacterial cell (p strain, terminal: y strain, subterminal), and haemolysis on horse-blood agar (P strain, non-haemolytic: y strain, slightly haemolytic).
After they had been isolated and identified, both strains were given orally in pure culture to barrier-sustained C57BL/RhoIco mice on 28 January ]971 (P strain) and 4
February 1971 (y strain).
By February 1971 both strains were present in vegetative form. There were 500 cells/gram dry faeces for the p strain and 700 cells/gram dry faeces for the y, both on Chapman medium, where enumeration was possible only because the faeces had been diluted to 10-2 • Both strains were often present in sporu-]ated form in ] 972 and ]973 on Rosenow medium that had been heated to 80°C for 10 min, but neither were present on Rosenow medium that had not been heated. It is possible to conclude that, on Rosenow medium which has not been heated only the vegetative forms of Bacillus subtilis present in the inoculum are ]iable to spread. ?
1971, there was a notable rise for all genera (also in September for Lactobacillus). For 2 years from October 1971 the outstanding feature of the 4 curves is their steadiness-the microflora seem to have reached a permanent balance. This is true also for spores of the 2 strains of Bacillus subtilis (which were nearly always present in the controls of these last 2 years), but Staphylococcus, Micrococcus and Clostridium behaved differently.
Staphylococcus was present in nearly all controls except in June and August ]972, and June 1973. The number of viable cells per gram of dry faeces varied from 4 X 103 to 2 X 105. Clearly it was not part of the 'autochthonal flora' of these mice but a 'contaminator' of human origin (Ducluzeau & Raibaud, ]968). Ducluzeau, Bellier & Raibaud (1970) suggested that this implied that the 'bacteriostatic effect' of the caecal microflora established before August 1971 (that is the first isolation) had not been sufficient to maintain the inoculum given to mice in the state of 'non-proliferating cells'. Moreover, their relatively low number per gram of dry faeces identifies them as members of the subdominant flora.
Micrococcus was rarely and irregularly noted in the digestive tract. It was not seen at all in 1972. The results (Table 2) suggest that there were several accidental contaminations, none of them resulting in a positive implantation in the digestive tract of the C57BLjRhoIco mice of this unit. This compares with the observations relating to total or partial inhibitions of some strains of Micrococcus by some Staphylococcus (Dubos & Ducluzeau, 1968; Ducluzeau & Raibaud, 1969) .
In sporulated form the ubiquitous Clostridium perJringens can easily cross the aseptic barrier of our SPF unit. However, for several months in 197], 1972 and 1973 it was not present in either vegetative or sporulated form. Can it be that here too, there have been periodical recontaminations, with temporary transit in the digestive tract?
The hypothesis suggested for Micrococcus seems inappropriate, since we found Clostridium perfringens in 5 consecutive months July-November ]972, June-October 1973. Nevertheless, it has never caused either morbidi~y or mortality in these mice.
It can be objected' 'that this microflora does not represent all the microorganisms present in the digestive tract of these SPF inbred C57BLjRhoIco mice, and certainly our usual methods of investigation for strictly anaerobic organisms (Dubos, Schaedler, Costello & Hoet, 1965; ) are insufficient. In March] 972 we gave these mice, by mouth, a pure culture grown on Schaedler broth of 2 strictly anaerobic strains: (Veillonella parvula and Clostridium difficile (R 0 X 30), supplied by Laboratoire d'Ecologie Microbienne, INRA (F.78350 Jouy-en-Josas, France). We did not observe them subsequently in our routine controls.
It must be emphasized that each point on the curves (Figs ]-5) represents the faeces of a different mouse, and the similarity of microflora in animals from different cages of the breeding unit, at different periods, should be noted. This notion, which is basic for gnotoxenic animals maintained in the same rather small isolator, remains true for a population of about 8000 animals bred in a barrier-maintained-unit of 80 m 2 area. CONCLUSION We believe the stability of the digestive microflora is due to good management, organization and conception of the breeding unit, and especially to the trained and conscientious animal technicians there.
It is always possible to build sophisticated units provided with up-to-date equipment, but it may be much more difficult to make a young technician understand the basic theory which will permit him to appreciate the daily risk of contamination that threatens the laboratory animal breeding programme.
